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CHAPTER I
FORMULATING AND DEFINING THE PROBLEM
INTRODUCTION
The quality and length of life for patients with lung
disease has been greatly increased within the last few years
as a result of new information and improved treatment modal
ities.

Assessment measures such as lung capacities, ven

tilation-perfusion ratios, and radiological studies are used
to diagnose disease.

Various medications, inhalation therapy

and rehabilitation programs provide the patient with chronic
lung disease a chance to lead a longer, more active life.
When patients with chronic lung disease experience acute
episodes of illness there are respirators to assist their
breathing, blood gas studies to determine oxygen levels and
frequently, central venous catheters are used to monitor blood
volumes within the vena cava or right atrium.

Under certain

conditions, measurements of central venous pressure are vital
to maintain adequate hydration of the patient, and to prevent
overhydration with the resulting pulmonary edema and conges
tive heart failure.
The use of central venous pressure (CVP) to monitor
pressure variations within the cardiovascular system is now
a common occurence.

Nursing function includes measuring,

recording and assessing the significance of any changes.
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Accurate, consistent measurement is essential in providing
the nurse and physician v/ith information about alterations
in the patient's condition and furnishing guidelines for
adjusting medical treatment and nursing intervention.
The medical literature contains considerable material
written for the physician on insertion of central venous
catheters, hazards of their use and how to interpret findings
(Hill, 1969; Kelman, 1971; Hoshal, 1972; Thomas, 1972).

In

writing for the physician, Robson (1968, p. 232) states that
the measurement of central venous pressure is a useful
clinical supplement only when the catheter is properly placed
into the central venous system beyond the venous valves and
when the location of the zero point of the manometer is
carefully established.
To the nurse is delegated the responsibility of estab
lishing the zero reference point and accurately obtaining
readings that will identify change in the patients condition.
As central venous pressure readings are obtained, and if
changes are noted the nurse can then alert the physician or
adjust treatment of the patient according to the physicians
orders•
Serial readings of central venous pressures indicate
trends that result from changes in heart function, blood
volume, and vascular tone (Thomas, 1972, p. 672; Gowen, 1973,
p. 655).

Adjustments in therapeutic treatment based on
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these readings may be omitted if an accurate zero reference
point is not used.
Numerous researchers have conducted studies identifying
and evaluating zero point of reference to use in measuring
central venous pressure (Lyons, 1938; Debrunner and Buhler,
1969; Wright, 197^)*

The nurse, in determining central

venous pressure values v;ith a saline manometer, can use a
variety of extrathoracic reference points to determine the
zero point.
accuracy.

These zero points yield varying degrees of
In addition, the guidelines for identifying the

zero point have been developed for patients without pathology
and of normal weight.

Patients with hyperinflation lung

disease show pathological changes in the thoracic cavity
that could effect the position of the heart and therefore
the position of the zero point of central venous pressure.
In the interest of accuracy in monitoring central venous
pressure in a specific type of patient, there is a need to
evaluate if current techniques of identifying the zero refer
ence point are indeed identifying that point.
THEORETICAL FRAMEWORK
The need for measurement of central venous pressure
arises when the physician desires to monitor the performance
of the right heart, the tone of the vascular system, the
circulating blood volume, and their relationship to one
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another (Thomas, 1972).

There are many physiological factors

that can alter central venous pressure readings (Guyton and
Jones, 1973)•

In patients who have hyperinflation lung

disease with the anatomical changes that interfere with
adequate oxygenation of the blood, central venous pressures
may also reflect the effect of the disease process on the
performance of the heart.
Generally, the right midatrium is accepted as an estimate
of the hydrostatic zero level (Rushmer, 1970; Gowen, 1973).
The true hydrostatic reference level is often difficult to
determine and the reference points used may vary according
to the investigator.

Most researchers attempt to use an

extrathoracic reference point relating to the right midatriura.
The central venous catheter tip is usually placed in the
superior vena cava, just cephalad to the right atrium (Robson,
1968; Hurst, 1971; Thomas, 1972).

The readings obtained

are based on the similar pressures found in the right atrium
and the superior vena cava.

Usually the objective of obtain

ing central venous pressure readings is to look for trends
and changes in central venous pressure.
The question arises, what happens to the anatomical
position of the right atrium and the superior vena cava in
hyperinflation lung disease?

The possibility exists that

the extrathoracic reference point used to determine the
zero reference point of central venous pressure deviates
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significantly from the position of the catheter tip within
the heart.

If this should be true, then the pressure read

ings could reflect abnormally high or low central venous
pressures and the resulting changes in treatment could pose
a hazard to the patient.
DESIGN OF THE STUDY
The Problem
In determining central venous pressure for patients
with hyperinflation lung disease and the frequently accom
panying myocardial changes, there are no tested guidelines
available.

The problem was to explore a research methodology

for identifying the most consistent extrathoracic landmark
used to determine the zero reference point of central venous
pressure in subjects with hyperinflation lung disease.
Purpose of Conducting the Study
This study attempted to identify a method for locating
a central venous reference point in relation to external,
definable anatomical landmarks in subjects who have hyper
inflation lung disease.
The primary purpose of this study was to find a method
to determine if the external reference point that is currently
being used on patients with hyperinflation lung disease
represents the true zero point of the catheter tip.
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Definition of Terms
Central Venous Pressure

The pressure, measured in

centimeters of water, of the blood in the right atrium
(Betson and Ude, 1969), or in the vena cava (Russell and
Maier, 1969).
OVP Zero Reference Point

The external anatomical land

mark which is level with the catheter tip or bears a consis
tent relationship to it, and represents the zero point on
the saline manometer.
Hyperinflation Lung Disease

Determination of hyper

inflation lung disease was by patient diagnosis as listed
in the chart and the following radiological criteria as
extracted from Nicklaus, Stowell, Christiansen and Renzetti:
Anteroposterior chest roentgenogram.
1. Irregular radiolucency of the lungs.
2. Depression and flattening of the diaphragm.
Lateral chest roentgenogram.
1. Increase in the retrosternal space above
2.5 centimeters.
2. Flattening of the diaphragm.
(Nicklaus and others, 1966, p. 890)
Assumptions
Although there are a wide variety of respiratory diseases
constituting hyperinflation lung disease, there are certain
anatomical changes found consistently regardless of the
specific diagnosis.
There is a need to use the most consistent extrathoracic
reflection of the zero reference point when measuring central
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venous pressure.
If the zero reference point determined by this study
differs significantly from the generally used extrathoracic
reference points then the central venous pressure readings
will also vary significantly.
Limitations
The use of central venous catheters with limited
radiopaqucity in some instances made identification of the
catheter tip difficult.
The use of portable x-ray equipment limited the sharp
ness of the roentgenograms increasing the difficulty in
identifying the central venous catheter and the anatomical
landmarks•
Scope of the Study
The design was a descriptive explorative study evaluat
ing several methods for determining the central venous zero
reference point in subjects with hyperinflation lung disease.
One method was tested using a small sample.

CHAPTER II
REVIEW OF THE LITERATURE
There has been considerable material written for the
physician on the insertion of central venous pressure
catheters, their hazards and how to interpret the findings;
but little study on how to ascertain accurate central venous
pressure readings.

Nurses are primarily responsible for

determining the zero reference point and obtaining central
venous pressure readings, so it becomes of prime importance
for nurses to know what is the most consistently accurate
extrathoracic landmark.

Likewise there has been research

on criteria for determining hyperinflation lung disease but
little study on how much change constitutes a respiratory
disease and what specific disease.

The literature here

reviewed represents some of the theoretical information
used for developing this study.
HYPERINFLATION DISEASE
Aging and many of the thoracic disease processes produce
similar changes within the thoracic cavity (Mori and others,
1964).

The diagnosis of emphysema or chronic bronchitis is

determined by criteria in which many of the same symptoms
may occur.

The terms emphysema and chronic bronchitis also

have different meanings according to the locality or country,
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thus complicating the definition of a study population.
The descriptive term, hyperinflation lung disease was
designated for this study because it defined anatomical
change rather than a disease entity.

Of the individual

criteria evaluated in a study examining the accuracy of
x-ray diagnosis of chronic pulmonary emphysema, the manifes
tations of general overinflation seemed the most reliable
(Mori and others, 1964, p. 48; Nicklaus, 1966, p. 897).
Overinflation or hyperinflation is a common element found in
all of the chronic obstructive pulmonary diseases (Cherniack,
1972, pp. 322-323).
Most authorities agree that certain specific changes
occur within the thoracic cavity in the presence of hyper
inflation (Laws, 1962; Mori, 1964; Cherniack, 1972).

The

criteria defined by Nicklaus (Nicklaus-and others, 1966,
p. 890), were in part used in this study.
The first criterion measured was depression and flatten
ing of the diaphragm as noted in the anteroposterior chest
film.

The article states that the actual level of the dia

phragm is not as significant as the contour.

A second

criterion was irregular radiolucency of the lungs.

The third

criterion was an increase in the retrosternal air space.
For this study, hyperinflation lung disease was defined as
an increase in the retrosternal air space above 2.5 centi
meters and flattening of the diaphragm as indicated in a
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lateral chest film.
CENTRAL VENOUS PRESSURE
In a recent article, Guyton and Jones identify the
pressure in the right atrium as the ideal central venous
pressure, but state that the pressure in the large thoracic
veins in a supine individual is almost invariably within
1 millimeter of mercury of the pressure in the right atrium
(Guyton and Jones, 1973» P* 4-3"0*

They conclude that central

venous pressure can usually be measured with accuracy
whether the catheter tip is in any of the great systemic
veins of the thorax or in the right atrium,

The trend in

current clinical practice is to place the catheter tip in
the superior vena cava to minimize arrhythmias due to the
catheter tip in the right atrium (Thomas, 1972, p. 669;
Long and others, 1973; Vaughan and Weygandt, 1973* P* 7^'1).
Longerbeam and his associates (1965, p« 227), define
central venous pressure as a measure of effective circulating
blood volume relative to the ability of the heart to handle
that volume.

However, the normal central venous pressure

is not well defined.

Various investigators have found

different ranges depending on which of the many extrathoracic reference points is used.

Gowen, for example,

defines the normal range from -2 to +7 centimeters of water
(Gowen, 1973, p. 655).

The reported normal range will vary
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considerably depending on the external reference point
used.
In determining the zero reference point, most writers
agree that the patient should be in a supine position but
there the agreement ends.

Andreoli states that the level

of the right atrium is approximately 5 centimeters below
(dorsal) the sternum (Andreoli, 1968, p. 14), another source
states that 10 centimeters above the mattress gives the
desired level (Latimer, 1972, p. 1124).

Meltzer places the

zero point as inferior (dorsal) to the midsternum and half
way between the front and back of the chest laterally
(Meltzer, 1969, pp. 293-294).
Lebrunner and Buhler (1969) in a study of several of
the more commonly used reference points placed the central
venous pressure catheter tip directly cephaled to the right
atrium as determined radiologically.

Their study showed that

the zero point of six of the seven methods tested agreed
with one another and that a range of 8 centimeters of water
was considered normal.

Using these norms, the method in

which the reference point is determined to be 10 centimeters
above the supporting surface (Lyons and others, 1938),
yields falsely high values.

According to the study the

two reference points that varied the least from the catheter
tip were 6.6 centimeters dorsal from the angle of Louis
(+0.11 cm.) and three-fifths of the thoracic diameter as
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measured from the supporting surface (-0.35 cm.).

The

researchers concluded that the selection of a reference
point should be chosen on the basis of accuracy and ease
of determination.
In a study of twenty cadavers Wright (197^) determined
that the fifth intercostal space at the midaxillary line
was not consistent with the right atrium.

Her study sug

gested that the midaxillary reference point was 2.9 centi
meters posterior (dorsal) to the right midatrium.
CENTRAL VENOUS PRESSURE AND HYPERINFLATION LUNG DISEASE
In the presence of hyperinflation lung disease the
heart is usually long and narrow, having been drawn down by
the descending diaphragm (Cherniack and others, 1972, p. 322).
Laws and Heard (1962, p. 751)? describe the heart in emphy
sema as being narrow and "hanging" with air visible between
the apex of the heart and the diaphragmatic dome.

Generally

speaking, the heart assumes a more vertical position secon
dary to diaphragmatic depression (Rodman and Sterling, 1969?
p. 106).

With this anatomical shift of the heart and the

general thoracic changes that accompany hyperinflation lung
disease it is likely that the external reference point for
central venous pressure is different from that of a normal
individual.
Although there may be anatomical changes in hyperinfla
tion lung disease, guidelines for measuring central venous
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pressures are difficult to find.

Meltzer (1969, p. 293)

writes that if the patient has lung disease and has a barrel
chest, the lower third level of the lateral chest should be
used in locating the right atrium.

Meltzer however, gives

no rationale for using the lower third of the lateral chest
in locating the right atrium.
In their study, Peterson and Husby (1951) divided
previous investigations into three groups:

those that deter

mined a fixed distance from the anterior surface of the chest
(see Appendix C); those that used a fixed distance from the
posterior (dorsal) surface of the chest; and those that used
a measure relative to the anteroposterior diameter of the
chest.

Using the zero level of Lyons (1938), 10 centimeters

above the couch showed a fairly constant relationship to the
anterior border of the vertebral column but the distance from
the catheter increases considerably in the thick-chested sub
jects.

Findings suggested that the Lyons method yielded the

greatest variation in pressure readings.
The Peterson and Husby study attempted to relate the
zero point to the anteroposterior chest diameter.

They chose

the midpoint between the superior and inferior vena cava open
ings as the reference point or zero level.

The zero level was

found to be 43 per cent of the anteroposterior chest diameter
measured from the sternum at the level of the fourth inter
costal space.

Their final recommendation was a reference
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point of one-half the thoracic diameter measured on a level
with the fourth intercostal space anteriorly with the subject
supine.

This deviation from the actual 43 per cent resulted

in an increased central venous pressure reading of one to
two centimeters.

In 40 normal subjects the venous pressure

measured from this reference level showed no significant
relationship to the thoracic diameter.
ROENTGENOGRAPHY
The use of bedfast, supine subjects for this study
created certain limitations in the use of radiological
studies.

Portable x-ray equipment is at best limited in

performance and the sharpness of the x-rays is compromised.
Sharpness of the radiographic film is dependant on many
factors.

Two factors important for this study are the

object-film distance and the focal-film distance.
The object-film distance is the distance between the
subject being x-rayed and the film cassette (Jacobi and Paris,
1968, p. 75).

The farther the subject is from the film

cassette, the larger the image will appear on the film.
The more this distance is increased, the greater will be
the loss of detail or sharpness.
The focal-film distance is the distance between the
spot where the electron stream leaves the x-ray tube and
the film cassette (Jacobi and Paris, 1968, p. 75).

Longer
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focal-film distances are desirable since the longer the
focal-film distance the more nearly the x-ray image will be
the same size as the object being radiographed.

A decreased

focal-film distance also decreases sharpness or detail.

The

optimum for this study would be a large focal-film distance
and a small object-film distance.

However, the focal-film

distance is limited because the patient is supine and bed
fast and the portable x-ray machine has limited maneuver
ability.

Should a magnification error exist, it can be com

puted by the following formula:
magnification.

ofd
= per cent of
ffd-ofd
Jacobi and Paris state that:

Magnification inevitably causes losses in
varying degrees of definition. However,
magnification may be reduced to a minimum
by two factors: object-film distance and
focal-film distance. These are usually
considered the major factors affecting
magnification. As focal-film distance is
increased, magnification is decreased.
Conversely, as object-film distance is
decreased, sharpness is improved. In some
instances, magnification is desirable
when visibility of a part is more impor
tant than maximum sharpness.
(Jacobi and Paris, 1968, p. 110)
As the primary rays leave the x-ray tube they spread
outward at varying angles producing scattered rays which
cause unnecessary density in the exposed film.

To counter

act this effect a grid is used to absorb the scattered
rays, but allows the image-forming radiation through to
the film.

The grid is defined as a stationary arrangement

of thin lead strips interspaced with radiolucent material
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(Jacobi and Paris, 1968, p. 80).

Gaboon further defines

the use of the grid technique by writing that:
The quantity of secondary radiation pro
duced is dependent on the thickness and
relative density of the body volume being
radiographed. A non-grid exposure of the
chest will consist of about one-half sec
ondary radiation, while a non-grid exposure
of the abdomen may consist of more than
30% secondary radiation. From this it is
apparent that for dense body sections the
more effective remover of secondary radia
tion will provide the most striking impro
vement in the radiograph, and this suggests
the use of a high-ratio grid or crossed grid.
(Gaboon, 1970, p. 88)
The grid used for this study is a parallel 10:1 ratio,
the ratio being the relation between the height of the lead
strips and the distance between them.

CHAPTER III
METHODOLOGY
To determine the most consistent extrathoracic landmark
for measuring central venous pressure in subjects with
hyperinflation lung disease, requires identification of the
superior vena cava or the right atrium.

Three methods were

explored for feasibility of study and one of these methods
was tested in the clinical setting.
METHODS EXPLORED
As the concept was developed that the extrathoracic
landmarks used for determining the zero point of central
venous pressure might not be accurate for subjects with
hyperinflation lung disease several possible approaches for
testing this idea were explored.
Method I
The first method considered was similar to the study
by V/right (197^) using as a sample, subjects meeting the
criteria for hyperinflation lung disease.

Wright (1974-)

studied cadaver subjects and placed probes in the chest wall
at two specific reference sites.

Measurements were then

taken to determine the distance of the probes from the right
midatrium.

This approach was eventually discarded because

of the limited number of subjects with hyperinflation lung
17
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disease that were submitted for autopsy and because certain
questions were raised concerning the effect of death on the
muscle tone.

The possibility exists that the heart shifts

position at death or shortly thereafter.

If this uncertainty

could be resolved, the problem under consideration might be
investigated by this approach.
Method II
The second method explored, investigated patients
.undergoing cardiac catheterizations.

In cardiac catherization

a catheter is introduced into the heart, pressures are taken
•and a radiopaque dye is injected into the heart.

The heart

is observed by fluoroscopy and roentgenograms are taken for
further study.

The majority of patients undergoing cardiac

catheterizations in this clinical facility were candidates
for coronary bypass surgery and did not meet the criteria
for hyperinflation lung disease.

A very limited number of

patients with mild to moderate hyperinflation lung disease
also had cardiac catherizations.

These patients were being

considered for a pulmonary rehabilitation program.

Because

of the extremely limited number and the lack of advanced
hyperinflation disease, this approach was also eliminated.
Method III
Radiological studies identifying the catheter tip were
used to determine the zero reference point.

Method III was
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selected for study because a sample population was available
and because the sample information could be collected with
minimal inconvenience to the subject,

The method tested

in this study used hospitalized patients with central venous
catheters who met the criteria outlined for hyperinflation
lung disease.

Since this method entailed the use of roent-

genograms, the medical center radiological safety officer
was consulted.

It was determined that the amount of radiation

used for the study would not be hazardous to the subject.
The roentgenograms taken were special views developed for
this study.

Patients with central venous catheters meeting

the criteria for hyperinflation lung disease had the following
measurements and roentgenograms performed..

Tape measurement

of the chest at the sternal border of the fourth intercostal
space was made with a flexible tape to determine the chest
circumference in all subjects.

A caliper measurement was

taken at the level of the sternal border of the fourth
intercostal space to determine the anteroposterior diameter
of the chest for each of the subjects studied,

One-half of

this anteroposterior distance was used to designate the midaxillary line.
The transverse diameter of the chest was also measured
in each subject with the caliper at the level of the fourth
intercostal space at the sternal border,

The midstemal

line was defined as that line running directly downward
from the midpoint of each clavicle through the middle of the
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sternum (Prior and Silberstein, 1973* P* 1?i)*
All measurements and roentgenograms were taken at
inspiration although chest excursion is greatly limited in
hyperinflation lung disease.

The subjects were in a supine

position for all measurements and roentgenograms.
A portable supine anteroposterior chest roentgenogram
was taken using the grid technique to identify the position
of the central venous catheter.
used was 102 centimeters.

The focal-film distance

Position of the catheter was

identified according to costal or intercostal space and
deviation from the midsternal line.

A positive (+) deviation

indicated that the catheter tip was to the left of the
patients* midsternal line.

Deviation to the right of the

midsternal line was denoted by a negative.(-) number (see
Figure I).
For the portable supine lateral chest roentgenogram
the subject extended both arms above his head.

Using the

grid technique, the film was taken with the x-ray cassette
next to the left chest wall and arm.

Anterior (ventral)

deviation from the midaxillary line was designated positive
(+) and posterior (dorsal) deviation was a negative (-)
value (see Figure II).
The data collected provided the mean values and ranges
for the sample group and gave an indication of the deviation
of the catheter tip from the standard extrathoracic land
mark.

The data was related to a standard extrathoracic
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+

PLACEMENT OF THE CATHETER TIP IN
RELATION TO THE MIDSTERNAL LINE
A positive (+) value indicates deviation left.
A negative (-) value indicates deviation right.
FIGURE I

PLACEMENT OF THE CATHETER TIP IN
RELATION TO THE MIDAXILLARY LINE
A positive
A negative

value indicates deviation ventral,
value indicates deviation dorsal.
FIGURE II
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reference point specified in the nursing techniques manual
at the medical center where the study was conducted,

This

was a point five centimeters below the sternum at the level
of the fourth intercostal space (see Appendix C).
During the development of the method it was found that
radiopaque markers placed on the subject at the midsternal
and midaxillary lines helped identify the position of the
catheter tip in relation to the extrathoracic landmarks.
The placement of a radiopaque marker at the standard
extrathoracic reference point was considered but not used
because it could obscure the catheter tip.
CRITERIA FOR SELECTION OF SUBJECTS
' - The study was limited to developing and testing a method
for determining the most consistent extrathoracic reflection
of the hydrostatic zero level in subjects with hyperinflation
lung disease.

Subjects were selected by diagnosis and by

exhibiting the following criteria as extracted from Nicklaus,
Stowell, Christiansen, and Renzetti:
Anteroposterior chest roentgenogram.
Irregular radiolucency of the lungs.
2. Depression and flattening of the diaphragm.
Lateral chest roentgenogram.
1. Increase in the retrosternal space above
2.5 cm.
2. Flattening of the diaphragm.
(Nicklaus and others, 1966, p. 890).
Excluded were those subjects v/ho were known to have
conditions which might alter the position of the right
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atrium.

These included such conditions as:

thoracic

surgery; diagnosis of severe cardiac hypertrophy; and
severe congestive heart failure.

CHAPTER IV
PRESENTATION AND INTERPRETATION OP THE DATA
TREATMENT OP THE DATA
The previous chapter described three approaches for
establishing a method of determining the most consistent
extrathoracic landmark for measuring central venous pressure
in subjects with hyperinflation lung disease,

Each of the

three methods explored has potential for further research.
The method that offered a possibility for securing an ade
quate patient sample in the facilities available was tested.
RESULTS
Although method III was testable in the clinical facili
ties available to the investigator, methods I and II also
have potential for answering the question:

does the commonly

used standard central venous reference point (measured from
the level of the fourth intercostal space, five centimeters
below the sternum) correspond to the zero reference point
for subjects who have hyperinflation lung disease?
A cadaver study (Method I) using subjects with hyper
inflation lung disease could clearly point out any deviation
of the standard reference point from the right midatrium.
If probes were inserted into the chest wall using the stan
dard reference point (see Appendix C) that point could be
24
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clearly identified.

Before such a study could be accom

plished, the effect of death on position of the tissue
within the thoracic cavity would need to be evaluated.
A study using subjects with hyperinflation lung disease
who are having cardiac catheterizations (Method II) would
also very clearly identify the true hydrostatic zero point
of the right midatrium.

However, the sample population

available at this medical center would preclude a sufficient
sample size.
The radiological study of patients with central venous
catheters who had hyperinflation lung disease (Method III)
was tested because there was access to a sample population.
Subjects with hyperinflation lung disease and having central
venous pressure catheters were included.

All available

\

subjects from one medical center facility between 24 March
1974 and 20 June 1974 were included.

The tip of the central

venous catheter was identified in each of the subjects
and the amount of deviation from the standard reference
point was noted (see Appendix A).

Ranges and means were

identified for the sample population (see Tables I and II).
A total of four subjects were tested and all showed
deviation from the standard central venous reference point.
The catheter tip position was aberrant in one subject;
extending cephalad rather than into the superior vena cava.
The remaining three subjects showed deviation of the catheter
tip ranging from 0.5 centimeters above to 2.5 centimeters

TABLE I
SUBJECT INFORMATION: RANGES AND MEANS
Measured from the Fourth Intercostal Space
at the Sternal Border, During Inspiration
Subject

Age in
Years

Sex

Diagnosis

1

69

M

Pulmonary
Emphysema

95 cm.

24 cm.

30 cm.

2

72

M

Chronic
Pulmonary
Disease

93 cm.

25 cm.

29 cm.

3

83

F

Chronic
Pulmonary
Disease

88 cm.

22 cm.

30 cm.

4

85

F

Chronic
Pulmonary
Disease

85 cm.

21 cm.

2? cm.

Chest
Circumference

Anteroposterior
Chest
Diameter

Transverse
Chest
Diameter

Range

69-85

88-95 cm.

21-25 cm.

27-30 cm.

Mean

77.22

90.22 cm.

23 cm.

29 cm.

Note:

All central venous catheters used in this study were number 14 French in size
and measured 13-5 centimeters in length.
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TABLE II
POSITION OF THE CATHETER TIP AS DETERMINED FROM ROENTGENOGRAMS
(Adjusted for Magnification Error)
Anteroposterior Roentgenogram
Subject
1

Deviation from
Midsternal Line

Deviation from Fourth
Intercostal Space*

Lateral Roentgenogram
Deviation from
Midaxillary Line

Midaxillary
Position**
12,0 cm.

Catheter Position Aberrant

2

+1,0 cm.

5th Costal

+ 8.0 cm.

12.5 cm.

3

+ 0.5 cm.

5th Intercostal

+ 6.0 cm.

11.0 cm.

4

-1.0 cm.

5th Costal

+ 5.0 cm.

10.5 cm.

Note:

Anteroposterior Roentgenogram; A positive (+) value indicates deviation of the
catheter tip to the left of the midsternal line.
A negative (-) value indicates deviation of the
catheter tip to the right of the midsternal line.
Lateral Roentgenogram;

A positive (+) value indicates the catheter tip
is anterior (ventral) to the midaxillary line.
A negative (-) value indicates the catheter tip
is posterior (dorsal) to the midaxillary line.

*

As measured vertically in a supine individual from the fourth intercostal space at
the sternal border.

**

The midaxillary line used is one-half of the anteroposterior chest diameter.
ro
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below the standard reference point.
The following ranges and means for the subjects studied
were found.

The ages ranged from 69 years to 85 years of

age, with a mean age of 77-22 years.
Chest circumference sizes ranged from 85 centimeters
to 95 centimeters with a mean of 90.22 centimeters.

In each

of these subjects chest circumference showed increased
anteroposterior chest diameter.

This increase may be due

either to disease process or normal aging.
The width of the anteroposterior diameter as measured
from the supporting surface to the sternum at the fourth
intercostal space showed a range of 21 centimeters to 25
centimeters with a mean distance of 25 centimeters.

Using

one-half of this measurement as the midaxillary line yielded
a range of 10.5 centimeters to 12.5 centimeters.

The mean

midaxillary line for the study sample was 11.5 centimeters
dorsal, as measured at the level of the fourth intercostal
margin at the sternum.
The width of the transverse chest diameter as measured
at the level of the sternal border of the fourth intercostal
space ranged from 27 centimeters to 50 centimeters,

The

mean transverse diameter was 29 centimeters.
DISCUSSION
It is of interest to note that the study by Debrunner
and Buhler (1969) and the study by Wright (1974-) both showed
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that the reference point using three-fifths of the thoracic
(anteroposterior) diameter measured from the dorsal surface
showed close correlation to the hydrostatic zero point.
In Wright's study (1974) the hydrostatic zero level was
considered to be at the right midatrium, while the study
by Debrunner and Buhler (1969) identified the zero level
as the catheter tip in the superior vena cava.

In the

current study the zero level of the catheter tip was 1.1
centimeters to 5*5 centimeters above the three-fifths
reference point.
It would appear on the basis of the data collected
that a larger sample may yield significant information
concerning the most consistent extrathoracic landmark for
measuring the zero reference point of central venous
pressures in subjects with hyperinflation lung disease.
As the possible methodological approaches were considered and
the one method tested, it became evident that certain criteria
were important.

Before a larger study yielding the results

desired could be conducted the following constraints would
apply:
1.

The information collected should give an accurate

representation of the location of the zero reference point
of central venous pressure.
2.

The reference point suggested by the study should

be easily identified and applicable for use in the clinical
situation.
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3.

The method should involve no undue risk or stress

to live patients.
4.

The method should provide an adequate number of

subjects within a reasonable time span.

CHAPTER V
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
SUMMARY
The purpose of this descriptive exploratory study was
to identify a method for determining the most consistent
extrathoracic landmark for measuring the zero reference
point of central venous pressure in subjects with hyper
inflation lung disease.

Three methods were explored and the

one approach most suitable for the facilities available
was tested.

Four hospitalized subjects were sampled using

a radiographic visualization of the central venous catheter
tip in relation to a standard extrathoracic reference point.
The standard reference point used was at the level of the
fourth intercostal space, five centimeters below the sternum.
The findings showed that the central venous catheter
tip deviated from the standard reference point in each of
the subjects studied.

In one subject the catheter tip was

aberrant with the catheter tip extending cephalad.

The

deviation among the remaining three ranged from 0.5 centi
meters above the standard reference point to 2.5 centimeters
below.
Studies of normal subjects by Debrunner and Buhler
(1969) and Wright (1974-) indicated a close correlation of
their findings to the reference point of three-fifths of the
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thoracic diameter at the midpoint between the sternal
jugulum and the xiphoid process.

This study shov/ed the

catheter tips to be ventral to the three-fifths reference
point.

The catheter tips ranged from 1.1 centimeters to

5.3 centimeters above (ventral) the three-fifths reference
point.
CONCLUSIONS
The use of radiographic studies to determine the posi
tion of the central venous catheter tip as a representation
of the zero reference point in subjects with hyperinflation
lung disease is a useful method.

Results of the study

showed that the method tested provided the desired infor
mation for this study.

Findings in three of the subjects

showed deviations from the standard extrathoracic reference
point used, indicating the need for further study to deter
mine the most suitable extrathoracic reference point for
central venous pressure in subjects with hyperinflation
lung disease.
RECOMMENDATIONS
The recommendations listed below are suggested to
facilitate ease of collecting further data in a similar but
larger study.

Recommendations for nursing practice could

be derived from a larger study.
1.

It is recommended that the method tested in this
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study be expanded to include a larger sample.
2.

It was found during the study that the central

venous catheters used by the medical center facility were
minimally radiopaque,

It is recommended that central venous

catheters be obtained that are highly radiopaque.
3.

The use of a small radiopaque marker at the mid-

sternal and midaxillary lines greatly enhanced the ability
to identify the position of the catheter tip in relation to
the extrathoracic landmarks.

It is recommended that such

markers be used in any replicate study.
4.

This study used the fourth intercostal space at

the level of the sternal border as a major landmark,

It

would seem that determining this position could lead to
some confusion among the general nursing staff,

It is

recommended that the midpoint between the sternal jugulum
and the xiphoid process be used to identify a landmark on
the anterior chest wall (Debrunner and Buhler, 1969).

5.

Identification of the anterior axillary line may

be useful measurement in comparing findings with other
studies.
6.

A future study might also record consecutive central

venous pressure readings at a standard reference point and
compare the findings with readings taken at the actual zero
point as identified radiographically.
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POSITION OP THE CATHETER TIPS IN THE ANTERIOR CHEST
Note:

The intersecting lines are at the midsternal line
and the fourth intercostal space as measured from
the sternal border.

POSITION OP THE CATHETER TIPS IN THE LATERAL CHEST
Note:

The intersecting lines are at the midaxillary line
and the fourth intercostal space as measured from
the sternal border.

APPENDIX B

PATIENT INFORMATION SHEET
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CENTRAL VENOUS PRESSURE STUDY
PATIENT INFORMATION
I.

DATA
A.
B.
C.
D.
E.
F.

II.

CRITERIA
A.
B.
C.

III.

Date____________________ __________
Patient name___________________ _______
Patient hospital number_____________ __
Age__________________
Sex________________.
Type and size of intravenous catheter

Diagnosis
____________________ ________________
Anteroposterior chest x-ray.
1. Irregular radiolucency of the lungs________
2. Depression and flattening of the diaphragm
Lateral chest x-ray.
1. Retrosternal air space above 2.5 cm.__
2. Flattening of the diaphragm________________

MEASUREMENTS (SUPINE)
A.
B.

0.

Tape:
1. Chest circumference, 4th intercostal space,
sternal border:
cm.
Caliper:
1. Width of lateral chest, 4th intercostal space,
sternal border:___ cm.
(one-half distance
equals midaxillary line).
2. Width of anteriorchest, 4th intercostal space,
sternal border:___________ cm.
X-ray measurements:
1. Anteroposteriorchest film.
a.) Catheter tip distance from midsternal line:
. _____cm.
b.) Position of catheter tip at costal or inter
costal space:_______________________
2. Lateral chest film.
a.) Catheter tip distance from midaxillary line
cm.
b.) Position of catheter tip at costal or inter
costal space:___________________

APPENDIX C

STANDARD CENTRAL VENOUS PRESSURE REFERENCE
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CENTRAL VENOUS PRESSURE
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EQUIPMENT
Obtain from Unit?
1. Intravenous fluid
2, Infusion pole

NOTE:

Obtain froa Central Service:
Subclavian C.Y.P. tray
1.
with 15 gauge G" Jelco
2.
Level (carpenter's) ,
or:
I.V. cut down tray
1.
2. Venous pressure tubing kit
Intraraedic polyethylene
3.
tubing 240/S36
4.
15 gauge blunt needle
5.
Level

Venous pressure measures the circulating blood volume and gives infor
mation on the hearts ability to handle this blood. Venous pressure
reading indicates the amount of pressure exerted on the blood vessel
wall. The use of venous pressure can help prevent and/or correct inadeguate fluid replacement. Normal Range: 6-14 cm H20 pressure.
A.

Increased venous pressure may indicate:
1. Overhydration or hypervolemia
2. Decompensating heart
3. Overloaded heart

B.

Decreased venous pressure may indicate:
1. Dehydration or hypovolemia
2. Hemorrhage
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Method

Key Points
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PROCEDURE
1.
2.

3.
4.

5.

Assist physician in intravenous cutdown procedure, or subclavian C.V.P.
procedure if needed.
Insert venous pressure I.V. tubing into
I.V. solution.

Place patient in flat supine position
or Semi-Fowler's, if possible.
Determine right atrial level and mark
with I on chest.

Establish zero point:
a. Place level at I on right atrial
area.
b. Balance bubble of fluid in center
of level.
c. Rest other end of level against

8-73/Central Venous Pressure/m130

Avoid introduction of air into
vein. If there is solution
already infusing, change regular
I.V. tubing to venous pressure
tubing with a stop-cock.
Extremities should be out
stretched on bed.
This is at the 4th intercostal
space at a level approximately
2 inches below the sternum,
across froa the nipple, toward
the axilla •
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6.
7.
8.
9.
10.

infusion oole, adjust until bubble
is balanced.
Place calibrated tape on infusion
pole, so zero on calibrated tape is
in line with balanced level.
Secure venous pressure tubing to
infusion pole to the side of cali
brated tape.
Position stop-cock to prevent fluid
flow to patient in order to fill venous
pressure line with I.V. fluid.
Position stop-cock with blank side to
1.7. fluid and allow fluid to settle
froa venous pressure line to patient.
Subtract zero point from the number
where the fluid ceased to drop in
venous pressure line. This is the
venous pressure reading.

charting
1.
2.

Record on Nurses* Record:
a • Venous pressure reading
b. Nurse's initials
Record on Dependency Checklist.

8-73/Central Venous Pressure/ml30

This is zero point.
i
Place infusion pole in a stationary
position near site of venous
puncture.
Rlign tubing so calibrations
are plainly and easily read.
Blank side of stop-cock posi
tion occludes fluid flow.
There will be a slight fluctua
tion with respiration.
Take venous pressure each tine
in same position while patient
is quiet and not moving extremit
ies. If patien's position does
change between readings, the
zero point may be reestablished
using the level.
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ABSTRACT
This descriptive exploratory study was designed to
identify a method for determining the most consistent extrathoracic landmark for measuring the zero reference point of
central venous pressure in subjects with hyperinflation lung
disease.
The primary purpose of this study was to find a method
to determine if the external reference point that is currently
being used on patients with hyperinflation lung disease
represents the true zero point of central venous pressure.
The first method explored the use of cadaver subjects
during post-mortem examination to determine the location of
the hydrostatic zero point.

This method was eliminated

because a question arose concerning the possibility of organ
shift after death.
A second method examined subjects undergoing cardiac
catheterization.

Because these subjects were candidates

for coronary bypass surgery none had hyperinflation lung
disease.

A second, and extremely limited group undergoing

cardiac catheterization were those with mild to moderate
hyperinflation lung disease.

These subjects were being con

sidered as candidates for the pulmonary rehabilitation
program.
The method tested in this study used hospitalized sub
jects who met the criteria for hyperinflation lung disease
ii
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and who had central venous catheters.

Various measurements

were taken with a caliper and tape measure.

Anteroposterior

and lateral supine chest films were taken and the catheter
tip was identified according to its anatomical position
within the thoracic cavity.

Computations were made to

correct for the radiological magnification error.
subjects were tested in this manner.
catheter position was aberrant.

Four

In one subject the

A standard extrathoracic

reference point of the fourth intercostal space at the
sternal margin, five centimeters below the sternum was used.
The catheter tips varied from 0.5 centimeters above to 2.5
centimeters below the standard reference point.
The research design used provided the desired information
for this study.

It is recommended that this method be used

on a larger sample group to evaluate the significance of
the deviations found.
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